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ABSORPTION OF WATER BY SEEDS_!/
Thomas A. Burch2/ and James C. Delouche
Mississippi Agricultural Experiment Station
State College, Mississippi
Water, oxygen and a favorable temperature are the three primary requirements for
germination of seeds. In non-dormant seeds, oxygen becomes a limiting factor only when
excessive moisture is present. The influence of temperature on both speed of germination and percentage germination .has been considered for a variety of kinds of seed. The
optimum temperatures for germinadon are known for most species of agri ~ultural importance.
In contrast, relatively little is known about the water requirements for germination,
or about the conditions affecting rate of water absorption. The Rules for Testing Seeds
(1)3/ prescribe, rather elaborately, the temperatures, media and length of time required
for germination testing of the various kinds of agricultural and vegetable seeds. Only
casual mention, however, is made about the substrate water relations for germination.
It has been suggested (5,10) that lack of uniformity of substrate moisture levels might
account for some of the variability encountered in germin~.tion testing of seeds.
Basic information needs to be developed on the water absorption characteristics of
germinating seeds to provide a solid foundation for the establishment of optimum substrate moisture levels for germination testing. Consideration must be given to the amount
of water required for germination, the rate at which water is supplied to the seeds and
the effect of the physical condition of the seeds on absorption characteristics. In addition,
the transition from seed to seedling during the course of germination and its effect on the
water requirement for germination needs careful study.
The present study was undertaken to provide basic information on absorption of water
by seeds. Four kinds of seed were selected for experimental material: cotton, Gossypium
hirsutum; soybeans, Glycine max; castor beans, Ricinus communis; and oats, Avena sativa.
These are not closely related botanically, and they represent four distinct morphological
seed types. Through careful selection of experimental material, it is hoped that the results might relate to moisture absorption by seeds in general as well as to the species
concerned.
Review of Literature
Considerable work has been done on different phases of moisture absorption by seeds.
However, no attempt will be made here to review all papers applicable to the subject. Only
those pertinent to the salient points in these studies are considered.
Reports concerning the effect of temperature on rate of water absorption are conflicting. Brown and Worley (2) stated that the rate of water absorption by barley seeds was
an exponential function of the temperature. Later work by Shull (12,13) showed that temperature had much less influence on rate of moisture absorption than suggested by Brown
and Worley. Shull concluded that moisture absorption involved both physical and chemical
changes and that the rate varied with the species. Davis and Porter ( 4) noted that absorption and germination were more rapid when corn seeds were placed on wet blotters with
the embryo side down than when the endosperm was in contact with the moist blotter.
They stated that the embryo was a more efficient absorbing organ than the endosperm.
However, proximity of the embryo to the water source could also have been involved.
Moisture requirements for germination have been studied by Hunter and Erickson (9).
They found that the minimum moisture requirement for germination was 30.5 percent for
corn, 26.5 percent for rice, 50.0 percent for soybeans, and 31.0 percent for sugar beets.
Peters (11) reported that corn, peas, navy beans and wheat generally had to reach moisture
1/ Journal Paper No. 787 of the Mississippi Agricultural Experiment Station.
2/ Formerly Graduate Assistant, Department of Agronomy, Mississippi State University.
3 I Refers to literature cited.
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contents (dry weight basis) of 46.4, 149 .0, 108.3 ·and 69.1 percent respectively for g~_.r 
mination; however, if the moisture supply was limited somewhat, less water was r (!quired.
According to Swanson (16) corn germinated when a seed moisture content of 33.4 percent
was reached, feterita germinated at 32.8 percent moisture.
Swanson ( 16) reported that seeds of feterita absorbed moisture faster than two other
varieties of grain sorghum, probably because the seed coat was more permeable. ~ungan
(6) associated rapid rates of absorption and germination in corn with high percentages of
soft starch. Fayemi (7) found that seeds of low viability absorbed water more rapidly
than seeds with high viability.
Only a few investigations have been made relative to the role played by the various
seed parts in moisture absorption. Stiles ( 14, 15) studied seeds of cotton, corn and beans
and found that maximum hydration was reached by the seed coats within 24 hours. The
seed coat of cotton was found to be more hygroscopic than any other organ in corn or
cotton except storage tissue. She believed that seed coats functioned as transporting
organs for water from the exterior environment to the interior organs of the seed. There
was moderately rapid hydration of the endosperm of corn and the cotyledons of cotton and
bean seed during the first 24 hours, after which absorption was continuous but slower.
These organs, primarily food storage organs and not active absorbing structures, acted
as water reservoirs. Moisture was absorbed at a high rate by the embryonic axes which
continuously increased in size, dry weight and moisture content. The pattern of water
absorption by the seed parts of different varieties of the same species varied, probably
because of differences in the absorbing power of the seed components. Some varieties
were found to require much more total moisture to germinate than others and a relative
classification of hydric, mesic, or xeric was made depending on the total amount of moisture required for germination.
Studies relating to the entry of water into seeds have produced conflicting reports.
Collins (3) studied water absorption by barley grains and concluded that there were
localized areas at the germ end of the grain through which most of the water passed. The
same general conclusion was reached by Harrington and Crocker (8) with Johnson grass
and Sudan grass. Shull ( 12) however, believed that water entered generally over the entire surface of the seed coat.
Materials and Methods
Four kinds of seed representing somewhat different morphological types were used
as experimental material: cotton (D and PL 15); soybeans (Lee); castor beans (Cimarron);
and oats (Delair). All the seeds were from the 1957 crops. Initial germination of the
seeds was 78 percent for cotton, 90 percent for soybeans, 98 percent for castor beans,
and 96 percent for oats. The relatively low germination of cotton can be attributed to the
adverse climatic conditions in Mississippi during the fall of 1957.
Saturated blue germination blotters or tap water were used as media. Both were
containted in plastic crispers to minimize evaporation losses. Temperatures were thermostatically controlled within+ 1oc. When alternating temperatures were employed, the
low temperature was in effect for 16 hours, the high temperature for eight hours.
Moisture contents were determined on two to four replicates by subjecting the seeds
to 100°C. for 24 hours. They were expressed as percentage moisture on a wet weight
basis.
Media employed for determination of rate of absorption were saturated blotters and
water. Each series was subjected to two temperatures, 20° and 30°C. Four replicates
of 20 seeds each were collected at intervals for determination of moisture content.
The following procedure was used to estimate the seed moisture content required for
germination. The seeds were placed between saturated blotters and subjected to the
recommended germination temperature for each species. At intervals eight replicates
of 20 seeds each were drawn. Four of the replicates were used for determination of
mo.i sture content. Seeds in the other replicates were placed in large test tubes. The
test tubes were plugged with cotton and placed in a chamber maintained at 100 percent
relative humidity. Under these conditions the seeds neither lost or gained significant
amounts of moisture. Percentage germination was determined on seeds in the test tubes.
The seeds were dissected into three general parts for studies on the pattern and rate
of absorption by the various seed parts. Specifically, cotton and soybeans were dissected
into seed coat, cotyledons and embryonic axis. Castor beans were dissected into seed
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coat, endosperm and embryo. Oat seeds were dissected into hulls (lemma and palea), endosperm (including pericarp) and embryo. Intact seeds were placed between Saturated
blotters at 30°C. At intervals duplicate samples of 10 seed each were removed for
dissection and moisture content of the parts was determined. Additional samples were
drawn at the same intervals for determination of moisture content of the intact seed.
The effect of removal of the seed coats on rate of absorption was determined by removing the seed coat of castor beans and cotton. Soybeans and oats were not used in this
study. After removal of the seed coats the decorticated seeds were placed between saturated blotters at 30°C. Intact seeds were placed under the same conditions. Sub-samples
of the seeds were removed at intervals for moisture content determinations.
·
Seeds of castor beans and cotton were used for studies on the entry of water into
seeds. Paraffin with a melting point of about 57°C. was used to seal various areas of
the seeds. The seeds were then placed between saturated blotters at 30°C. At 24 hour
intervals sub-samples of 15 seeds each were removed for determinations of relative rate
of absorption under the various treatments.
Experimental Results
Effect of media and temperature on rate of absorption--The rate of water absorption
by each kind of seed in two types of media and at two temperatures was determined. The
data are presented graphically in Figure 1.
Media had a considerable influence on the rate of moisture absorption. During the
initial stages of absorption, two to four times as long were required for the seeds to reach
a given moisture content between blotters than was required in water. Absorption was
very rapid in water during the first 12 hours, then generally the rate decreased. In the
blotter media the initial rate of absorption was slower and continued for the remainder
of the test period with relatively little change.
Temperature also had an effect on rate of absorption, but differences between temperatures were not so pronounced as those between media. Absorption proceeded most
rapidly at the higher temperature.
The 48 to 72 hour periods were of sufficient length so that some germination occurred
in the samples between blotters. This was particularly true for soybeans and oats at the
higher temperature. Thus, the increased divergence of the temperature curves after 48
hours is probably attributable to the effect of temperature on rapidity of germination,
rather than on rate of absorption.
The seeds differed in both rate of absorption and quantity of water absorbed. Soybeans
absorbed water most rapidly and reached the highest moisture content. Castor beans absorbed water most slowly and attained the lowest moisture content.
Moisture content required for germination-- It was observed in preliminary experiments that the various kinds of seed contained different moisture contents at the initiation
of germination. These observations were subsequently subjected to more extensive analysis. The methods employed have been previously described.
Cotton and soybeans required higher moisture contents for germination than oats and
castor beans (Table 1). Although the time intervals were not as close as might be desired,
it appeared that moisture contents of 50 to 55 percent were required to obtain a 50 percent
germination of cotton and soybeans. In contrast, 50 percent of the seeds of castor beans
and oats germinated when moisture contents of 32 to 36 percent were reached. Moisture
content appeared to be quite critical for germination. Below the critical moisture content
the seeds did not germinate. Once the critical point was reached, germination proceeded
regularly.
Moisture absorption by seed parts- -Moisture content of the seed coats of cotton and
soybeans and the hulls of oats increased rapidly during the first 24 hours, then remained
relatively constant up to 72 hours (Figure 2). After this time there was a slight drop in
moisture content. The seed coat of castor beans absorbed water more slowly. After 72
hours, it also showed a decrease in moisture content. The moisture content of endospermous and cotyledonous tissue increased rapidly during the first 24 hours. Thereafter it continued to increase but at a slower rate.
The pattern of water absorption by the embryonic axes or embryos differed considerably
from that of the other seed parts. With the exception of soybeans, there was little increase
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Figure 1. Effect of media and temperature on rate of water absorption by cotton,
soybean, castor bean and oat seeds.
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in the moisture content orthe embryonic parts during the first 12 hours of absorption.
Between 12 and 72 hours, however, there was a rapid and continuous increase in moisture content. The moisture content of the embryonic axes and embryos (except in castor
beans) leveled off after 72 hours. At this point seedling development was under way and
moisture content had apparently reached the content characteristic for the seedlings.
The relatively slow rise in moisture content of the embryo of castor beans was probably
a reflection of the slow seedling development of this species.
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Table 1. Seed moisture oont•t required for qend.D&tion of cotton, IIOJ'beall, aa.tor
bean and oat aeed.
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Figure 2. Rate and quantity of water absorbed by the different parts of soybean, oat,
cotton and castor bean seed.
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Effect of the seed coat on moisture absorption--Rate of moisture absorption was
faster in seeds from which the coats had been removed (Figure 3). The difference in
moisture content of intact seed and decorticated seed steadily increased as absorption
time increased. After 72 hours castor bean seeds with coats removed had attained a
moisture content 16 percent higher than that of intact seed; cotton seed with coats removed contained 14 percent more moisture than did intact seed.
It was also observed that germination occurred much more rapidly in seeds without
coats. It is doubtful if this increase in speed of germination can be entirely attributed to
more rapid absorption of water. Other factors are probably involved.
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Figure 3. Effect of removal of the seed coat on rate of water absorption by cotton
and castor bean seed.
Entry of water into seeds- -Melted paraffin was used to seal various portions of the
seed coats of cotton and castor beans in order to determine the relative amount of moisture absorbed through various portions of the seed coats.
Moisture absorption was most rapid in unsealed seed (Table 2). Sealing any part of
the seed decreased rate of absorption. Differences in quantity of water absorbed among
the treatments are probably related to differences in surface area remaining unsealed,
rather than to differential permeability of areas of the seed coat.
Discussion
The four kinds of seed used in these investigations represent somewhat distinct
morphological types. In addition to obtaining moisture absorption information specifically
on seeds of cotton, soybeans, castor beans and oats, it was felt that by using these unrelated species a representative study of the moisture absorption trends in seeds in general could be accomplished.
Rate of moisture absorption by the four kinds of seed was influenced primarily by
temperature, media and the kind of seed. During the initial stages, absorption proceeded
at a much faster rate when water was the medium than it did when blotters were used.
Based on the moisture content found to be necessary for germination of each kind of seed,
enough moisture was imbibed for germination within 6 to 24 hours when the seeds were
immersed in water. Twenty-four to 72 hours were required when imbibition proceeded
between moist blotters. This difference in rate of absorption probably resulted from
the fact that water covered the entire surface of the seeds that were in water while part
of the surface of seeds between blotters might not have been in contact with water.
There was considerable variation among the kinds of seed in rate of water absorption.
Variation in rate of absorption was most pronounced in seeds whose primary constituent
was different, that is, endosperm or cotyledons. Seed coat characteristics probably also
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contributed to the variation in rate of absorption by the different kinds of seed.
Shull and Shull (13) observed variation in the rate of absorption of com seed using
uniform temperature and media. Small variations were observed during the present investigation between replicates of the same kind of seed under uniform conditions. This
indicates that conditions inside as well as outside the seed must be uniform before moisture absorption will proceed regularly.
Table 2.

Quantity of water absorbed by cotton and castor bean seed with various
portions of the seed coat sealed with paraffin.
Cotton

Treatment

Castor Beans

Grams Water Absorbed

Grams Water Absorbed

by 15 Seed (72 hrs.)

by 15 S8ed (48 hrs.)

Check

3.87

1.50

Radicle end of seed sealed

1.46

1.05

Apical end of seed sealed

1.05

1.00

Both ends of seed sealed
leaving an unsealed band
around the center

0.83

0.76

Entire seed sealed except
caruncle
Entire seed sealed

0.45
0.01

0.05

The four kinds of seed tested fell into two groups in their total moisture requirements
for germination. Cotton and soybeans required approximately the same seed moisture
content for germination, 50 to 54 percent. Oats and castor beans were similar in their
moisture requirements. About 32 to 36 percent moisture was required for germination.
These similarities in moisture requirements cannot be related to botanical groupings or
chemical composition. One characteristic common to the two species in each group,
however, is the primary constituent of the seeds. The bulk of cotton and soybean seed
consists of cotyledonous tissue while endospermous tissue makes up the major portion
of castor bean and oat seed. Stiles (14,15) has shown that the cotyledons of cotton and
bean seeds absorbed larger quantities of water in relation to their air dry weight than
did the endosperm of corn. The results of this investigation with seeds of cotton, soybeans, castor beans and oats are in agreement with her findings.
In general, seeds germinate when they attain a moisture content of from 30 to 60 percent, depending· on the seed, provided other conditions are met. On the other hand, the
moisture content of young seedlings is usually 80 to 90 percent or more. This suggests
that if uniform moisture conditions are formulated for germination testing, consideration
should be given to the moisture needs of the young seedling as well as that of the seed.
Perhaps, along with the total amount of water used, the sequence of water application
during germination should also be controlled.
The extent the seed coat retarded moisture absorption varied. The greatest difference
in rate of absorption of intact seeds and decorticated seeds was observed in castor beans.
Cotton showed a smaller difference. Removal of the seed coat had a pronounced effect on
speed of germination. Germination of castor beans was complete by 96 hours when the
seed coat was removed while only 10 percent of the intact seed had germinated by this
time. The same trend held for cotton.
The increase .in size and dry weight of the growing parts of the embryo was responsible for the rapid ·increase in rate of moisture absorption and moisture content that occurred during the transition from absorption by seeds to absorption by seedlings. Stiles
(14,15) found that the moisture content of the growing parts of the embryo of corn, cotton
and beans was higher than that of any other seed part. The work reported here corroborates
her results.

FORTY -NINTH ANNUAL MEETING

149

The transfer of moisture from one seed part to the other during the process of moisture absorption and germination was evident. The seed coat (lemma and palea in oats)
became saturated and then water was transferred to the internal parts. After reaching
the endosperm or cotyledons, the moisture had to diffuse through part of this tissue (in
cotton and castor beans) to reach the growing parts of the embryo. About 6 to 12 hours
were required for moisture to reach the growing parts of cotton and castor beans.
The results of the study on entry of water into seeds of cotton and castor beans were
more in accord with the views of Shull ( 12) than with those of other workers in that water
was found to diffuse into the seeds through the entire surface of the seed coat. In the
various treatments where different parts of the seed coat were left unsealed, the moisture content increased when the seeds were placed in moist media. This indicated that
moisture diffused through all areas of the seed coat. Collins ( 3) and Harrington and
Crocker (8) believed that there were localized paths of entry of water into seeds.
Summary and Conclusions
This study was concerned with the absorption of water by seeds of cotton, soybeans,
castor beans and oats. Emphasis was placed on the effect of media, temperature, and the
seed coverings on the rate and quantity of water absorbed. In addition, the pattern of
water absorption by the various seed organs, the moisture requirements for germination
and the entry of water into the seeds were studied.
Rate of water absorption by seeds in a water medium was much more rapid than when
the seeds were placed between moist blotters. Temperature also affected rate of water
absorption. Absorption proceeded most rapidly at the higher temperatures.
The kinds of seed varied in moisture content required for germination. Cotton, soybean, castor bean and oat seed had to reach moisture contents of about 52, 50, 32 and 34
percent respectively for germination of at least half of the seeds.
The following patterns of water absorption by the various seed parts were observed.
The seed coats or hulls increased in moisture content for 24 hours and remained relatively constant until 72 hours at which time there was a slight decrease. Cotyledonous
and endospermous tissue increased rapidly in moisture content for the first 24 hours then
the rate decreased. Cotyledons absorbed more moisture in relation to their dry weight
than did endospermous tissue. About 6 to 12 hours were required for moisture to reach
the embryonic axes of cotton and castor beans. After this lag, the moisture content of
the embryonic parts increased very rapidly and by the end of the test had attained the
highest moisture content of any of the seed parts.
The seed coat retarded moisture absorption and germination in cotton and castor
beans. The more rapid germination of seeds from which the .coverings had been removed
was probably partially responsible for the increased quantity of water absorbed.
Water diffused into cotton and castor bean seed over the entire surface of their seed
coats.
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